This research is preliminary study to examine whether puerariae flos extract (PFE) makes any action to body fat of man or not. We conducted the double-blind placebo controlled study on eighty mildly obese subjects for 8 weeks. The subjects were randomly divided into 4 groups: I, II, III, and IV. Subjects in groups I, II, and III consumed test food containing 100, 200, and 300 mg PFE, respectively, while those in group IV were given placebo food for 8 weeks. All subjects were instructed to restrict their total-energy intake to within 2650 kcal/day in the case of males and 2300 kcal/day in the case of females during the test period. Haematological and biochemical markers of blood, urinary markers, and physical markers were examined at 0, 4, and 8 weeks during the test period. As a result, no adverse effects were noted in any of the groups. For physical examinations, we analysed only males whose initial body mass index (BMI) values were over 24. BMI value and body weights of the subjects in group III were significantly reduced, and total fat area and subcutaneous fat area of the subjects in groups II and III were significantly reduced over the 8-week test period. Moreover, as a result of comparison among groups by unpaired t-test, significant difference appeared between group III and group IV in BMI. Total fat area in group III tend to decrease compared with group IV. By these results, the reduction of BMI in group III may reflect fat area reduction. To confirm the anti-obesity effect of PFE, we need to research particularly by extensive studies hereafter.
INTRODUCTION
Obesity is a major public health issue, as it is closely related to mortality. Obesity is caused by a variety of factors, one of which is an imbalance between energy intake and expenditure. Therefore, it is important for the prevention of obesity to suppress energy intake and increase its expenditure. Diet therapy is generally advocated for suppressing energy intake, while exercise is recommended for ensuring adequate energy expenditure. In addition, the use of a dietary supplement that can reduce energy intake by inhibiting the absorption of sugar and fat and/or elevate energy metabolism in the liver and muscles via β-oxidation is recommended.
Pueraria flos extract (PFE) is an extract from flowers of kudzu (Puerariae thomsonii). Kudzu, a leguminous plant distributed in Japan, China, and other areas, has long been used in folk medicine. In particular, the Puerariae flower is used in Japanese and Chinese folk medicine for curing hangovers. [1] [2] [3] Niiho et al. confirmed that the consumption of the Puerariae lobata flower reduces glutamic oxaloacetic transaminase (GOT) or glutamic pyruvic transaminase (GPT) levels in individuals with liver injury due to carbon tetrachloride (CCl 4 ) or a highfat diet in animal study. 1, 2) In East Asia, this flower has also recently been used in herbal medicines for the management of menopausal symptoms. 4, 5) Puerariae thomsonii is known to contain 7 isoflavones (4 isoflavone glucosides: tectoridin, tectorigenin 7-O-xylosylglucoside, 6-hydroxygenistein-6,7-diglucoside, and glycitin; and 3 aglycones: tectorigenin, glycitein, and genistein) and 3 saponins (soyasaponin I, kaikasaponin III, and kakkasaponin I). 6) It has been reported that isoflavones such as genistein affect lipid metabolism in the liver and inhibit adipocyte differentiation, 7, 8) and that saponins have an inhibitory effect on lipase activity. 9) Therefore, PFE consumption is expected to provide the dual benefits of reducing energy intake and increasing its expenditure.
Wang et al. confirmed that flavones derived from puerariae radix have inhibitory effects on body weight, abdominal fat, and lipids in the liver. 10) However, the impact of PFE on body fat is not known. This clinical study was preliminary conducted on eighty mildly obese subjects to view the body fat reducing action of PFE.
MATERIALS AND METHODS
Design and Subjects --We had drew up a clinical protocol for this study. Then this study had been approved by Institutional Review Board of Kurume clinical pharmacology clinic (July 28, 2005) before its launch. Furthermore this study was conducted in accordance with the Helsinki Declaration, and informed consent was obtained from all subjects. We entrusted all affairs of this study to Iberica Holdings Co., Ltd. (Fukuoka, Japan). They carried it out at Kurume clinical pharmacology clinic (Kurume, Japan).
Volunteers who live in around Kurume city had a questionnaire related to previous disease and administration of drugs, blood tests, body checks and a medical interview by a doctor. Subjects aged between 20 and 65 years were recruited for the study, according to fixed inclusion and exclusion criteria. The inclusion criteria pertained to the following prospective subjects: those having a body mass index (BMI) value of 23-30 or a waist circumference larger than 85 cm for males or 90 cm for females, those who had visited a hospital for treatment and provided informed consent for study enrolment, those who were deemed to be suitable for the study by a doctor, those who had been certified as healthy by a doctor during a prior clinical inspection, and those who were not under any drug treatment.
The exclusion criteria pertained to the following prospective subjects: those using functional foods, cosmetics, or instruments that may influence lipid metabolism (e.g., hypolipidaemic compounds and antihypertensive agents), those with liver dysfunction, pregnant women or those suspected to be pregnant, those who were considered unsuitable for the study due to an illness or the possibility of developing serious side effects, and those who were deemed to be inappropriate subjects by a doctor. Test Food --Tablets containing PFE (Ohta's Isan Co. Ltd., Ushiku, Japan), reduced palatinose, cellulose, fatty acid esters of sucrose, and silicon dioxide were used as the test food. The placebo food consisted of tablets containing caramel as a dye, instead of PFE. Table 1 shows analysis value of nutrient composition. The test food and the placebo food were distributed with plain aluminium packets sealed individually containing 1.0 g per packet. The subjects in each group were required to consume the allotted tablet once per day. Experimental Design --Double-blind placebo controlled study was conducted in this case. Figure 1 shows the test schedule. Following a 2-week pre-observation period (i.e., at "week 0"), haematological, urine, and physical examinations and blood biochemical analyses were conducted at the hospital. Further, 80 subjects with mild obesity were randomly divided into 4 groups using block randomization. Subjects in groups I, II, and III were required to ingest 100, 200, and 300 mg of PFE, respectively, while those in group IV were required to ingest the placebo food once per day for 8 weeks. Subjects were restricted to take medicines and supplements as a general rule and had dietary instruction to prevent from rapid change of calories consumed during the intake of PFE. We distributed pedometers to the subjects to instruct not to make rapid change to their amount of exercise. Regarding other daily habit, we instructed to have a life as usual. Subjects were also asked to keep the daily record of test food consumption, rational symptoms, all foods consumed including articles of taste, amount of exercise and intake of prohibited medicines or supplements.
Examinations were conducted at 4 and 8 weeks after week 0 (i.e., during week 4 and week 8). Blood biochemical analyses and physical examinations were conducted at week 4 and additional haematological and urine examinations and blood biochemical analyses were conducted at week 8.
Furthermore, subjective symptoms were recorded 2 weeks after the study period. Dietary Instruction --The subjects were instructed to limit their total energy intake to under 2650 kcal/day in the case of males, and 2300 kcal/day in the case of females, and also instructed not to reduce food intake substantially basing on the Dietary Reference Intakes for Japanese, 2005 . The details of their meal intake are provided as followings. Breakfast: bread or rice, a side dish, and milk, Lunch: nutritious foods for which the total energy intake could be measured and the nutrients classified, and Dinner: a home-delivered meal (main dish, 300 kcal; side dish, 320 kcal).
With regard to alcohol consumption, the subjects were permitted less than 1 large bottle of beer or the equivalent. Alcohol consumption was forbidden on the day before a blood examination or medical interview.
Haematological Examinations and Biochemical
Examinations of Blood --Haematological examinations were conducted at weeks 0 and 8. Blood biochemical analyses were conducted at weeks 0, 4, and 8.
The parameters assessed in the haematological examinations were the white blood cell (WBC) count, red blood cell (RBC) count, haemoglobin (Hb) level, and haematocrit (Ht) value. Those assessed in the blood biochemical analyses performed at week 4 were the triglyceride, total cholesterol (T-Cho), low-density-lipoprotein cholesterol (LDLCho), high-density-lipoprotein cholesterol (HDLCho), remnant-lipoprotein cholesterol (RLP-Cho), leptin, fasting blood glucose (FBG), and insulin levels. In addition, the parameters assessed in the blood biochemical analyses performed at week 8 were the total proteins, and the GOT, GPT, γ-glutamyl transpeptidase (γ-GTP), albumin, creatinine, total bilirubin (TB), blood urea nitrogen (BUN), uric acid, creatine kinase (CPK), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), triglyceride, T-Cho, LDL-Cho, HDL-Cho, RLPCho, leptin, FBG, insulin, and haemoglobin A1c (HbA1c) levels. Urine Examinations --Urine examinations were conducted at weeks 0 and 8. The parameters assessed were the urine sugar and protein content and the presence of blood in the urine. Rational Symptoms --Subjective symptoms, which occurred during the study, were tallied. Symptoms, which confirmed a relation to the test food by a doctor, were also tallied. Physical Examinations --Physical examinations were conducted at weeks 0 and 8, and the parameters assessed were height (data not shown), body weight, BMI, waist circumference, hip circumference, total fat area, visceral fat area, subcutaneous fat area, systolic blood pressure, and diastolic blood pressure. The hip circumference was measured using a calibrated tape. The waist circumference, total fat area, visceral fat area, and subcutaneous fat area were measured by performing computerized tomography (CT) while the subjects held their breath following expiration. The CT scan data were analysed using the Fat scan software (East Japan Institute of Technology Co. Ltd., Hitachi, Japan). 11) Statistical Analysis --We performed a repeatedmeasures one-way analysis of variance (ANOVA) to investigate the changes over the time course. When statistically significant differences were detected, a post-hoc pairwise comparison across treatments was performed using Fisher's probability of least significant difference (PLSD) test for multiple comparisons. For the comparison among groups, analyses were performed by Tukey-Kramer test on all test items. However, this study is preliminary. Therefore, distinctions of weight index relating to body fat, BMI, waist circumference, hip circumference, total fat area, subcutaneous fat area and visceral fat area between the group consumed test food (100, 200, and 300 mg) and the group consumed placebo food were analysed by unpaired t-test.
All statistical analyses were performed using Statview ver. 5.0 (SAS Institute Japan Ltd., Tokyo, Japan), and significance was set at p < 0.05.
RESULTS

Exclusion from the Study
One subject in group II withdrew his consent for participation and was excluded from the study; however, this was not due to any problem with the test food.
Subjects who had not eaten home-delivered meals for more than 10% of all meals were excluded from the study. The number of subjects was 18, 15, 18, and 18 for groups I, II, III, and IV, respectively. Subject characteristics are listed in Table 2 .
Haematological Examinations and Blood Biochemical Analyses
The results of the haematological examinations are shown on Table 3 . At week 8, the WBC count in group III and the Ht value in group I had changed significantly from the initial values. However, the WBC count remained within the normal range. Although the average Ht values recorded for group I at week 8 exceeded the normal values for females, the values recorded for individual female subjects in this group were all within the normal range. Thus, no abnormalities were noted during the haematological examinations (RBC, WBC, Ht, and Hb).
The results of the blood biochemical analyses are shown in Tables 4 and 5 . Although the T-Cho and HDL-Cho levels in all the groups had reduced significantly at week 4 compared to week 0, they returned to their original values at week 8. The LDL-Cho levels reduced significantly in groups I and III at week 4, but returned to their original normal valves at week 8. Although the LDL-Cho levels recorded for group III exceeded the normal range at week 8, these levels were higher than normal, even at week 0. Therefore, the changes in these levels were not considered abnormal. The leptin levels were significantly lower in group III at both of weeks 4 and 8, as compared to week 0. Group I significantly showed low value at weeks 8, as compared to week 0. Since leptin is secreted from fat tissue, this result may be attributable to a reduction in body fat. The TB level in group II; GOT and GPT levels in groups I, II, and III; uric acid levels in groups I and III; and the ALP level in group III were all significantly different from the corresponding values at week 0, but remained within the normal range. Although the average γ-GTP values of groups I and III were significantly lower than the week 0 values, they exceeded the normal range for females. Nevertheless, the values recorded for individual female subjects in these 2 groups were all within the normal range. No significant changes were noted in the other parameters for any of the groups.
Urinary Examinations
Sugar was not detected in the urine of any of the subjects throughout the study period. In addition, proteins were not detected in the urine of any of the subjects in groups II and III throughout the study period. For 1 subject belonging to group I, the status of urinary proteins was detected (±) at week 8; however, proteins were detected (+) in the urine of this subject even at week 0. In addition, in the case of 1 subject belonging to group IV, the status of urinary proteins was detected (±) at week 8; however, this group was the placebo group. Therefore, we considered that PFE consumption did not cause any of the abnormalities detected during the urine examinations.
Blood was detected (+) in the urine of 1 subject belonging to group III in week 8, but this subject exhibited bloody urine throughout the study period. In group II, the status of blood in the urine was assessed as (2+) in 1 subject, (+) in 1 subject, and (±) in 1 subject at week 8. In the case of the subject for whom the status was found to be (2+), the blood in the urine was confirmed to be related to menstruation, according to the recordings in a diary that had been maintained for this patient. With regard to the subject for whom the status was assessed as (+), a status ranging from (±) to (+) was noted throughout the study period. Further, in the case of the subject for whom the status of blood in the urine was assessed as ±, a similar status had been noted during prior examinations. Thus, our observations may have been due to an inherent characteristic of this subject.
In 1 subject belonging to group IV, the status of blood in the urine was found to be (2+) at week 8, which was identical to the status found at week 0. Therefore, we consider that our findings may be attributed to the inherent characteristics of this subject. See Fig. 1 for Groups. Values are means ± S.D. * , * * , and * * * indicate significantly different from the value obtained in week 0 at p < 0.05, p < 0.01, and p < 0.001, respectively. See Fig. 1 for Groups. Values are means ± S.D. * , * * , and * * * indicate significantly different from the value obtained in week 0 at p < 0.05, p < 0.01, and p < 0.001, respectively.
Rational Symptoms
The findings with regard to the rational symptoms are shown in Table 6 . Various subjective symptoms occurred in all groups. However, a doctor judged there were no relations between those symptoms and the test food.
Physical Examination
Here, we describe the rates of change in the parameters that were assessed during the physical examinations. To evaluate the effects of PFE consumption on body fat, we analysed 58 subjects with BMI values > 24, who were defined as obese ac- 
Total sum of rational symptoms (the number of symptoms confirmed a relation to the test food by a doctor). See Fig. 1 for Groups. cording to the criteria calculated by the analysis of covariance (ANCOVA). 12) We analysed test items of physical examination on only male subjects because there were few female subjects. Thus, 14, 11, 11, and 14 subjects in groups I, II, III, and IV, respectively, were assessed as obese. The characteristics of these subjects are shown in Table 7 , and energy intake and amount of exercise received during PFE intake are shown in Table 8 . There were no significant differences among the groups with regard to these parameters.
The results of the physical examinations are shown in Table 9 . At weeks 4 and 8, the BMI and body weight were significantly reduced in group III only, and not in any of the other groups. The total fat area and subcutaneous fat area were significantly reduced in both groups II and III. At week 4, the hip circumference was significantly reduced in groups I, II, and III. The visceral fat area was not significantly different from that recorded at week 0 in any of the groups. As a result of comparison among groups by Tukey-Kramer test, no significant differences were noted among the groups for any of the abovementioned parameters. The result of comparison among groups by unpaired t-test was appeared in Fig. 2 . Regarding weight, BMI and total fat area, group III exhibited significantly lower value than group IV (weight data is not shown).
DISCUSSION
In Japan, the number of obese persons with BMI values from 25-30 has increased by 2-to 4-fold over the last 30 years. Based on BMI values, 18.9% of the female population and 21.4% of the male population are currently considered as preobese. This may be due to the westernization of the food culture in Japan, which has increased the fat intake to twice that in the 1960s.
Obesity is the cause of many adult diseases associated with lifestyle habits, including diabetes, hyperlipidaemia, and hypertension. The type-1 plasminogen activator inhibitor (PAI-1) and agents that promote thrombus formation are excessively secreted by the cells of visceral fat tissue. This results in adiponectin hyposecretion, and this condition in turn induces insulin resistance, abnormalities in glucose metabolism, hypertension, and arteriosclerosis. Therefore, visceral adiposity is considered a dangerous condition and is termed the 'metabolic syndrome'. To prevent its development, it is important to improve the status of obesity.
It is well known that catechin, [13] [14] [15] mannooligosaccharides, 16, 17) and coffee polyphenols 18) reduce body fat; however, it is unclear whether these ingredients improve liver function. The incidence of nonalcoholic steatohepatitis (NASH) is known to be strongly associated with obesity. Therefore, the consumption of ingredients that have effects in both reducing body fat and improving liver function is effective for the prevention of this condition.
The puerariae flower is used in Japanese and Chinese folk medicine for curing hangovers. [1] [2] [3] Additionally, Niiho et al. confirmed that its consumption reduces GOT or GPT levels in individuals with liver injury induced by CCl 4 or a high-fat diet in animal study. 2, 3) Further, Lee et al. have reported the hepatoprotective effects of tectoridin and tectorigenin, which are isoflavone constituents of puerariae flos. 19 ) Therefore, it is considered that the consumption of the puerariae flos may improve liver function. Since the ability of PFE to reduce body fat in vivo has been confirmed, it is expected to be efficient for improving the status of both body fat and liver function.
In this study, we preliminary investigated the effects of PFE on body fat in humans. Among those subjects with BMI values of more than 24, significant reductions were noted in BMI and body weight only in group III and in the total fat area and the subcutaneous fat area in groups II and III (Table 9) . Although the visceral fat area was not significantly reduced in any of the groups, group III exhibited the highest reduction rate. No significant difference was confirmed on a comparison between placebo group and PFE group by Tukey-Kramer test. On the other hand, BMI value of male subjects in group III was significantly low compared with male subjects of group IV by unpaired t-test (Fig. 2) . Although muscle mass was estimated, significant differences were not confirmed in any groups by impedance method (data not shown). In addition, significant differences were not confirmed on creatinine and red blood cell count that related to amount of water within the body. Therefore, BMI reduction may reflect the reduction of fat area. In fact, value of total fat area of male subjects in group III tended to be reduced compared with male subjects of group IV by unpaired t-test (p < 0.10).
GOT, GPT and γ-GTP as hepatic function markers were shown significantly low value on group I through group III at 8 weeks (Table 4) . As described above, hepatoprotective effects of puerariae flos has been reported with the perception from in vivo. 2, 3) Therefore a possibility is considered that reduction of these makers may be attributable to hepatoprotective effect. This is very interesting.
In this study, we conducted the double-blind placebo controlled study to examine whether PFE has anti-obesity effect or not preliminary. As a result, BMI value of male subjects in 300 mg/day group was significantly low compared with male subjects of placebo group. Consequently, PFE intake at 300 mg/day seems to have the possibility of anti-obesity effect on male. Since most subjects were male in this study, we could not confirm the actions on body fat of female. We need to confirm anti-obesity effect of PFE on female and the optimum dose for administration by a larger scale study. For the study, enough quantity of sample size should be ensured and equal numbers of male and female are required as subjects.
